
SHIELD ARRANGEMENT FOR ECG LEAD WIRES 

FIELD OF THE INVENTION 

The present invention relates to a system for ECG monitoring. In par- 
ticular, the present invention relates to a novel system and method for grounding of 
5 the shields of electrode lead wires. 

BACKGROUND TO THE INVENTION 

In prior art is known a system for ECG monitoring as represented by 
the diagram in Fig. 1. In Fig. 1, the same patient P is diagrammatically represented 
10 by two pictures of the torso, where the lower picture shows a standard four-point 
placement of measuring electrodes R, F, L and N (so-called limb electrodes). For 
the sake of clarity, the upper picture separately shows a standard placement of ECG 
measuring electrodes, i.e. precordial electrodes Vj, V2, V3, V4, V5, V6 on the pa- 
tient's thorax. Together the limb electrodes and precordial electrodes form a so- 
il 5 called 12-lead connection system. A so-called 5 -lead connection system, also used 
in ECG measurement, consists of limb electrodes together with one of the pre- 
cordial electrodes, e.g. R, F, L, N and Vj. 

Each measuring electrode is provided with a signal lead wire 1-10 
which are further provided with first connector elements 1 1 . The ECG monitoring 
2 0 system further comprises a collecting connector 13 provided with second connector 
elements 14 for receiving the first connector elements 11 of the signal lead wire. 
The collecting connector may reside either in the collecting cable 12 with an 
adapter 24 at its end or directly at the amplifier unit 16. The system further com- 
prises an ECG apparatus 30. 
2 5 The circuitry for measuring 5 or 12-lead ECG is presented in Fig. 2. 

The collecting connector 13 comprises twenty connector elements 14 in all. Placed 
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in the upper row on the left are circular connector elements 14 j for the upper part 
of connector elements 1 1 providing connections for the signal lead wires 1-5 com- 
ing from the limb electrodes R, F, L, N, and one precordial electrode Vj. Con- 
nected to the circular connector elements 14 in the right-hand part of the upper row 
5 are the upper part of connector elements 1 1 providing connections for the signal 
lead wires 6-10 coming from the precordial electrodes V2, V3, V5 and Vg. 
The rectangular connector elements 142 * n ^ e lower row are for the lower parts of 
connector elements 1 1 providing connections for the lead wire shields SH. Connec- 
tor elements 142 provide a shielding ground connection 39, which in this case is the 
10 amplifier ground G. The dual connector elements 1 1 are consistent with the AAMI 
standard. 

The function of the N-electrode is to equalize the potentials of the 
patient and the amplifier. For this purpose, the N-electrode is traditionally con- 
nected to the amplifier ground G either directly or through a single resistor or a 

15 network of resistors and capacitors. The potential difference may be further re- 
duced with an electronic circuit 34 actively driving the potential of the patient 
closer to the potential of the amplifier, often referred to as right-led-drive circuit 
(RLD). This kind of driver includes a current limiting circuit typically adjusted to a 
maximum current allowed in a single-fault condition (EN60601-1). 

2 0 Resistors R protect the preamplifiers 35, RLD-circuit 34, and imped- 

ance measurement circuit 33 from over- voltages and limit the currents through elec- 
trodes in case of defibrillation. 

Also in prior art, patent application WO 01/06923 discloses a lead set 
and connector arrangement system as shown in Fig. 3, which can operate both as a 

2 5 5-lead measuring system and as a 12-lead measuring system, and in which it is pos- 
sible to combine the limb-electrode and precordial electrode parts of the collecting 
connector 13, allowing the same amplifier unit to function alternatively in a 5-lead 
measuring system with shielded lead wires 37 or in a 12-lead measuring system 
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with unshielded lead wires 38. In this system a small and lightweight collecting 
connector can be used. 

The circuitry for measuring 5 or 12-lead ECG is presented in Fig. 4. 
In this arrangement, when measuring 12-lead ECG, the circular second connector 
5 elements 14 1 are used for the first connector elements 11 of the lead wires 1-5 
coming from the limb electrodes R, F, L, N, and one precordial electrode Vj (un- 
shielded 12-lead set 38). Connected to the rectangular second connector elements 
142 °f th e lower row are the first connector elements 11 of the lead wires 6-10 
coming from the precordial electrodes V2, V3, V4 5 V5 and V$ (unshielded 12-lead 
10 set 38). 

In case of 5-lead ECG one possible lead-set configuration consists of 
AAMI-compatible connectors with shields connected to the lower, rectangular con- 
nectors 142 (shielded 5-lead set 37). In this case, analog switches 18-22 inside the 
amplifier unit may be used to provide shielding ground connection 39 for the lower 

15 connector pins \4j and hence for the lead wire shields SH. 

Use of shielded signal lead wires has an importance especially in 
ECG monitoring performed during anesthesia, because surgical operations are often 
performed using a so-called diathermy device, i.e. an electric surgical knife, whose 
high-frequency electric current would otherwise confuse the ECG monitoring proc- 

2 0 ess, but also in intensive care monitoring, where line voltage interference and elec- 
trostatic voltages coupling directly to the lead wires may be a significant problem. 

Considering the prior art, there remain unresolved technical problems 
related to the use of the analog switches 18-22 for providing shielding ground 
connection for the lead wire shields. When changing over from 5 to 12-lead meas- 

2 5 uring mode by adding precordial electrodes, a low-impedance current path is cre- 
ated between the right-leg-drive circuit 34 and amplifier ground G, if the precordial 
electrodes get connected to the amplifier ground G by via analog switches 18-22. 
Because of small offset voltages always present in this kind of electronics circuit, 
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the output of the RLD circuit may be driven to the current limit, which makes the 
RLD circuit effectively inoperative. Furthermore, because connection of electrodes 
and lead wires in this manner is a normal operating procedure, the current limit of 
the RLD circuit has to be set to conform with the 10 jaA maximum allowed current 
5 during normal operation (EN60601-1), thus limiting the efficiency of the circuit 
compared to the typically used 50 limit. 

Considering the prior art, there also remains an unresolved technical 
problem relating to the changeover from 5- to 12-lead measuring mode in case of 
the combined collecting connector. When the ECG electrodes are initially attached 

10 to the patient and the analog switches 18-22 are open, the ECG device is capable 
of deducing the number of electrodes used by analyzing the signal characteristics 
from the different signal lines. Once the analog switches are closed, it is not possi- 
ble to detect addition of precordial electrodes based on signal characteristics, there 
thus being no way for the amplifier to detect the addition of the precordial elec- 

15 trodes and this way to automatically change over from 5 to 12-lead measuring 
mode. 

To mitigate the above-mentioned shortcoming, patent application WO 
01/06923 discloses a method of detecting the addition of precordial electrodes 
based on a special arrangement related to the shield of the N electrode lead wire, 
2 0 which corresponds to the V6 signal lead wire. This arrangement is not optimal be- 
cause in this case the moment of change from 5 to 12-lead measuring mode in the 
monitor depends on the order in which the precordial electrodes are connected to 
the patient. 

One possible solution would be to use the activation of the RLD cir- 
2 5 cuit current limiting feature as an indicator of addition of a precordial electrode. 
This solution is not desirable, since it would be based on the relatively low 10 \iA 
current limit setting. Furthermore, the connection of a precordial electrode would 
make the RLD circuit temporarily inoperable. 



5 



PURPOSE OF THE INVENTION 
The purpose of the invention is to overcome the above described 
drawbacks related to the alternate use of connector elements in an ECG connector 
either for ECG recording or lead wire shield grounding. 

5 

SUMMARY OF THE INVENTION 

In accordance with the invention, analog switches are used to couple 
the shields of the electrode lead wires not directly to the amplifier ground, but to an 
electronics circuit (shield grounding circuit) which has output properties that pro- 

10 vide sufficient grounding of the lead wire shields, limit the current during normal 
operation, and enable detection of the addition of precordial electrodes. 

In the preferred embodiment of the invention the shield grounding 
circuit is a constant voltage source with a current limiting feature. In case one or 
multiple precordial electrodes are added to the monitoring setup, this kind of circuit 

15 draws a constant DC current from the RLD circuit, but does not make it inoperable. 
The addition of the precordial electrode(s) can be detected either based on the cur- 
rent limiting feature or by analysis of recorded ECG from the precordial elec- 
trode(s). 

Furthermore, in one embodiment of the invention the addition of the 
2 0 precordial electrode(s) can be detected using a voltage comparison and, thus com- 
paring the voltage over current limiting resistor or component to the predefined ref- 
erence voltage. As soon as the voltage over the resistor exceeds the certain limit 
the addition can be detected. 

In one embodiment of the invention the grounding circuit consists of 
2 5 one or more passive components, like simple resistors, or resistors and capacitors to 
further tailor the frequency response of the circuit. The circuit may also include 
one or more non-linear components, such as spark gaps or diodes. The DC and AC 
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impedance of the system has to be large enough to keep the current within the 
safety limits under all conditions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 The accompanying drawings, which are included to provide a further 

understanding of the invention and constitute a part of this specification, illustrate 
embodiments of the invention and together with the description help to explain the 
principles of the invention. In the drawings: 

Fig, 1 is a diagrammatic representation of prior-art system, 
10 Fig. 2 is an example of the circuitry of the system presented in Fig. 1, 

Fig. 3 is a diagrammatic representation of another prior-art system, 
which the present invention is related to, 

Fig. 4 is one embodiment of the circuitry of the system presented in 
Fig. 3 enhanced with the present invention. 

15 

DETAILED DESCRIPTION OF THE INVENTION 

Reference will now be made in detail to the embodiments of the pre- 
sent invention. Fig. 4 represents a complete system in which a shield grounding 
circuit 27 according to the invention is applied to prior art system. 

2 0 As shown in Fig. 4, the collecting connector 13 in the prior art em- 

bodiment contains a number of connector elements 14; 14j, 142 corresponding to 
the number of measuring electrodes defined in the 12-lead ECG standard, i.e. a total 
of 10 connector elements. As can be seen, the connection elements for the lead 
wires 1-4 connected to the limb electrodes R, F, L, N and for one lead wire 5 of the 

2 5 precordial electrode Vj are arranged in the upper first row 14\ in the collecting con- 
nector 13. The connection elements for the rest of the lead wires 6-10 connected 
to the rest of the precordial electrodes V2, V3, V4, V5, Vg are arranged in the lower 
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second row 142 i n *h e collecting connector 13 the second row 142 being in paired 
alignment with said first row. 

The electronics of the amplifier unit in Fig. 4 is provided with analog 
switches 18-22 controllable by the microprocessor of the ECG apparatus (not 
5 shown). If the analog switches 18-22 are in "open" connection positions, the 
measurement signals are passed from all the measuring electrodes R, F, L, N; Vj, 
^2> V3, V4, V5, in the 12-lead set 38 to the preamplifiers 35 and further to the 
signal processing stage in the ECG apparatus (not shown). In the "closed" connec- 
tion positions the analog switches 1 8 - 22 establish a connection between the sec- 

10 ond group of connector elements 142 * n ^ e lower second row of the collecting 
connector 13 and the shield grounding circuit 27. When the analog switches 18 - 
22 are in the "closed" connection position, the second group of connector elements 
142 can be used for providing shielding ground connections for possible electro- 
static shield over the 5-lead system 37 lead wires 1-5 connected to the upper first 

15 row 14j. 

With this arrangement, both 5 and 12-lead ECG measuring modes can 
be used with the same compact collecting connector which resembles a conven- 
tional existing collecting connector designed for a 5-lead system, which means in 
practice that the shielding ground connections 142 °f the 5-lead system 37 are util- 

2 0 ized by the precordial electrodes V2, V3, V4, V5, Vg of the 12-lead system 38 as 
signal lines. In the 12-lead measuring mode, the signal lead wires are used without 
shielding ground connections, whereas in the 5-lead measuring mode the existing 
signal lead wires are used with shielding ground connections as usual. 

Block 27 in Fig. 4 illustrates the preferred embodiment of the inven- 

2 5 tion, in which shield ground connection 39 is directed to the shield grounding cir- 
cuit block 27. 

The electronics in the shield grounding circuit 27 is built around an 
operation amplifier 28, the circuit operating as a voltage buffer. The output imped- 
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ance of this buffer shall be relatively low, e.g. less than 10 kohm, preferably over 
the whole frequency range of the ECG signal, e.g. 150 Hz, or at least over the line 
voltage frequency, i.e. 50 Hz, as long as the current at the output of the shield 
grounding circuit is below a predefined limit, e.g. 10 ^A. If current in the output 
5 exceeds this limit, the output impedance of the circuit goes very high, thus limiting 
the current to the predefined value. 

In block 27 resistor 29 acts as a current limiting component. During 
normal operation electric fields coupling to the lead wire shields generate currents 
that are significantly smaller than the above mentioned current limit, the amplifier 

10 thus remaining in low output impedance mode. 

The reference voltage to this buffer is DC voltage 3 1 . This DC volt- 
age is selected to be slightly different from the target value of the RLD-circuit. It 
may even be nominally the same, but in practice also this results to the desired be- 
havior, because of non-idealities like offset voltages in the amplifier components. 

15 Initially, the potential of the patient in respect to the amplifier ground is set to target 
value of the RLD circuit. When at least one precordial electrode is added, a DC 
current flows from the RLD to the shield grounding circuit. This current is limited 
to the value determined by the shield grounding circuit 27. If this current limit 
(typically 10 jjA) is lower than the current limit in the RLD circuit (typically 50 

2 0 fiA), the ECG measurement is not disturbed by these events. 

The addition of a precordial electrode can be easily detected by ob- 
serving the state of current limit of the shield grounding circuit, which is activated. 
Considering the circuit in block 27, this is performed by monitoring the output volt- 
age of amplifier 28, which is driven to either upper or lower rail. The monitoring 

2 5 can be done using the voltage comparator 32 that will give an output signal indica- 
tive of the exceeding of the reference voltage. This signal is led to the ECG moni- 
toring device (not shown). This detection mechanism is sensitive to a change in 
any of the precordial lead wires, thus enabling the monitor to change mode imme- 
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diately independent of the order in which the precordial electrodes are attached to 
the patient. 

The invention is not restricted to the above represented example but 
the other applications of the invention according to the inventive step of the patent 
5 claims are possible. 



